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A COMPLETE TANK TEST OF TRE HULL OF THE SIKORSKY 

S-40 FLYING BOAT - MERIGAN CLIPPER OLlSS 

By John R. Dawson 

SUMMARY 

The results of a complete test in the N.A.C.A. tank 
on a model of the hull of the Sikorsky S-40 flying boat 
("American Clipper") are reported. The test data are 
given in tables and curves. From these data nondimen- 
sional coefficients are derived for use in take-off cal- 
culations and the take-off time and run for the S-40 are 
computed. The computed take-off time is found to agree 
substantially with the take-off. time obtained by the 
Sikorsky Aviation Oorporatfon in performance tests of the 
actual craft. 

IRTRODUCTION 

The need for tank tests of a series of flying-boat 
hulls representative of the various types now in use is 
pointed out in reference 1. The results would not only 
allow the consideration of the relative merits of each 
type of hull, but would set a standard to which future 
developments might be referred. Such a series of tests 
has been undertaken by the N.A,C.A. and the subject test 
made during November and December 1933 is one of this se- 
ries. 

The Sikorsky S-40 flying boat known as the "American 
Clipper" having a hull that differs greatly from the more 
common American type seemed to be a logical subject for 
one of the series, and through the courtesy of the.gkors- 
ky Aviation Corporation, the lines and offsets for this- 
hull were obtained. 

This hull has a transverse second step similar to 
conventional British hulls, but the general proportions 
of the hull differ considerably from British practice. 
The keel rises more rapidly at the bow, and the ratio of 
farebody length to afterbody length is much greater. As 
the tail surfaces on this craft are carried on outriggers, 
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the usual long tail extending aft of the second step for 
this purpose is not necessary, In its stsad;there is a 
short stubby tail. 

APPARATUS AND METHODS 

Method of Testing 

The tests were made according to the complete method 
as described in reference 2. This method consists of meas- 
uring speed, load, trim angle, resistance, trimming moment, 
and rise in all combinations through the useful range- 
The independent variables chosen are speed, load, and trim 
angle.' - 

The N.A.C.A. tank and its.tes-ting apparatus are de- 
scribed in reference 3. The modified towing gear used 
in these tests is described in reference 4. The pivot 
for,the towing gear was placed at an arbitrary position 
marked "center of moments" on figure I. 

The Model 

1 A T-scale model of the Sikorsky S-40 (N.A.OiA. model 
26) was made of lamfnated wood, carefuily sanded, paint- 
ed, and rubbed. For simplicity the model was made with a 
flat plywood de.ck instead of the rounded deck used on the 
full-sized flying boat. The tolerance on model dimensions 
was a.02 inch. The principal lines of the model are 
shown in figure 1 and the offsets are given in tab19 1. 

Model Particulars 

Overiall‘length 99.42 in. 

Forebody length (F.P. to main step) 60.42 in. 

Afterborfy length (main step to second step) 31.79 in. 

Maximum beam '. . 17.86 in. 

- 

Step depth .57 inb . 
- 

, 



. 

. 
N.A.c.A. Technical xOt8 30. 512 3 

. 

Center of moments forward of step 4.25 in, 

Center of moments above keel 14.56 in. 

Angle of dead rise at main step 220 

AngLe of keel forward of main step to base line 0' 

Angle of keel aft of main step to base line 6.55’ 

.Angle of keel aft of second step to base iine --- 15.00° 

I'orebody - percentage of over-all length 50.7 -- - 2. 
- percentage of length to second step 61.3 

. Beam - percentage of over-all length 18.0 . -.- 

- percentage of length to'second step 21.7 

- percentage of forebody length 

Step depth - percentage of beam 

35; 5 
.- 

3.2 

, 
RESULTS 

T'est, Data 

The data obtained are given in table II, Positive 
moments are those which tend to raise the bow; the cen- 
ter about which these moments are taken is shown in fig- 
ure 1. A stop is fitted in the moment measuring gear to 
prevent the moment spring from deflecting beyond Its elas- 
tic limit. Moment values fn the table followed by a plus 
sign indicate that the spring is against this,stop and 
the moi3ent is greater than the value r8a-d. The exact po- 
sition of the stop is determined by the running cond.iitions 
and the spring capacity therefore varies slightly.. The 
values of resistance include the air drag of the model. 

-- 

Resistance and trimming moment, with load as parane- 
ter, are plotted against speed in-figures 2 to 7, each 
figure containing the values for pne trim.angle.. e..' 

Righting moments and drafts at rest are given in fig- 
ures 8 and 9. They are useful in longitudinal-stability 
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calculations and in determining water lines of the hull 
-for various static conditio:ls. 

. Nondimensional Data 

The method for the reduction of test data to a more 
dirsctly.usable form described in referance 2 is used 
with ,'thi$ model. Curves of resist&nce against tri.m angle 
with load as parameter are plotted for selected speeds, 
and these curves show for each load and speed a best trfm 
angle nhich.yill give minimum resistance. Rest trim an- 
gle and resistance at best trim angle are then cross-plot- 
ted against load and after reducing the values to nocdxmen- 
sional coefficients, they are plotted as resfstance coef- 
ficient and best,trim angle against speed coefficient. 
The moments are treated similarly. Plots of moment against 
trim angle as for resistance are made, and from these plots 
the moment for the best trim angle is determined. After 
cross-plotting moment at best tr%m angle agaxnst load and 
reducZng to nondimensional coefficients as above, a plot 
of moment coefficient against speed coefffqient-Jg made. 
The nondimensional coefficients used are as follows: 

Load coefficient, 

Resistance coefficfent, 

CA = 
A 

Fi? 

CR = -.2& 

Trimming-moment coefficient, CM = -&i 
wb 

Speed coefficient, cv = 

. 
where A is the load on the water, lb. 

R, water resistance, lb. 

. 

w, weight density of water, lb./cu.ft. 

b, beam of hull, ft. 

M, trfmming moment, lb.-ft. 

, 
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v, speed, ft./set. 

g9 acceleration of gravity, ft./sec.a 

?!Tote: w= 63.5 lb./cu.ft. for the mater in the N.A.C.A. 
tank. 

Curves of nondimensional data are given in figures 
10 to 13. They are for the best trim angle only. Figure 
10 gives the variation of best trim angle with CV and 
CA= Figures 11 and 12 both show variation of CR with 
cv and CA. Figure 11 is no-r8 easily interpreted, where- 
as figure 12 is easier t0 us8 in take-off CalCUlatibnS. 
Variation of CM is plotted in figure 13.. 

Precision of T8St Data 
- 

The curves of test data as drawn are belfeved to be 
correct within the following limits: 

l 

Load kO.3 lb. 

Resistance 

Speed 

Trim angle 

fO.l lb. 

fO.l ft./se& 

fO.1° 

Trimming moment fl.O lb.-ft. 

It will be noted that there is considerable disper- 
sion among the resistance points at high speeds. The ox- 
planation for this seems to lie in tho cause of. the com- 
paratively high resistance at the08 speeds. The blister 
coming from the main step strikes the afterbody which, 
with its wide second Step, presents a large area over 
which the water must travel. At high speeds this condi- 
tion zmst produce considerable frictional resistance and, 
since it cannot be hoped that the blister will always fol- 
low exactly the same course even for apparently identical 
conditions, the resistance will necessarily vary accord- 
ingly. 
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. 
Spray Photographs 

Representative photographs of the spray are shown in 
figure 14, The photograph taken at V = 52.5 f.p.8. Fl- 
lxstrates the condition previously referred to where the 
frictional resi,stance is high. 

., :. , 
s DISCUSSION'OF RESULTS L 

- 1. . . ._ -- . . . . : 
, ‘I. -,The nondfmeneional data may be used to calculate 

'tak&off performance by the method in reference 2. 
. 

The 
data given by Sottorf in reference 5 indicates that the 
scale effect should be small on a model of this size. 

In figure 15, the ,load-resistance ratio fs plotted 
against CA for s-everal values of CV as an aid in com- 
paring this model with others tested by the complete meth- 
od. . . 

In the selection of a hull for a particular design, 
take-off calculations should be made using each of the 
hulls under consideration. Such factors as the size of 
hull, angle of wing setting, etc., can then be taken into 
consideration. 

CALCULATION OF TAKE-OFF TIME AND RUN 
, 

A comparison of computed take-off time with the take- 
off time obtained in performance tests of a full-sized 
flying'boat should be of interest. For this purpose the 
take-off time for the S-40 flying boat will be computed 
using the following,data supplied by the Sikorsky Aviation 
Corporation. - '!'. 

! i. 
.I 

. 
Data . 

,Gross.weight of Sikorsky S-40 . . . . . . . 34,QOU lb. 

Wing:' 
Airfoil section . . .- . . . . . . . . GS-1 
Area......... . . . . . . . 1,740 aq.ft. 
Span . . . , . , . . . . . 
Angle if'wing settin; . , . . . . . . 

114 ft. 
2.5' ' I 

I 
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Power plant, 4 engines each developing at 
2,000 r.p.m. . . . . . . . . . . . 600 b.hp. 

Propellers: .- 

Type..'................ Hamilton 

~iamefer . . i . . . . . . . . . . . . 

Blade angle at 42-inch station . . . . 

Get-away speed . . . . . . . :. . . . . ., . 

Average take-off time with no wind . . . . . . , 

Propeller Thrust 

Standard 

10 ft. 6 in. 

15.4O 

7 5 m.tp . h t 
(110 f.p.0.) 

40 seconds 

Reference 6 gives curves for use fn the.determin.ation 
of propeller thrust. The nominal blade angle at 0.75R is 
obtained by applying a correction (taken from fig. 7, ref- 
erence 7) to the blade angle at the 42-inch station. The 
nominal blade angle at 0.75R is found to be 13.9'. 

Extrapolation of data on blade deflections given in 
reference 8 indicates that for a 600-hOrs8pOw8r engine 
the effective blade angle is about 2' more than the nom- 
inal blade angle. The effective blade angle at 0.75R is 
therefore 15.9O. As a check on the accuracy of this 8X- 
trapolation the blade angle required to hold the engine 
speed to 2,OGO r.p.m, at maximum air s-peed may be obtained 
from figure 14 of reference 8. The maximum air speed of 
the S-40 is given in reference 9 as 137.4 m.p.h. Then 
v 

ii5 = 0.575, C, = 1.164. Prom figure 14 of reference 8 

-- 

the blade angle' at 0.75R required to hold engine to 2,000 
r.p.m. is 16O and q = 0.775. This blade angle chocks _ 
closely with the effective blade angle 15.9'. 

The thrust is determined from figure 12 of reference _. 
6 and the total thrust (for four engines) is plotted in 
figure l6. 



8 

. .L 

IJ.A.C,A. Technical Note No. 512 

Lift and Crag Curves 

A section of the GS-1 airfoil was included fn the data 
supplied by the Sikorsky Aviation Corporation but no data 
regarding its c.haracterIstics were furnished. It was 
found:by inspection that the OS-1 airfoil corresponded 
closely to the N.A.C.A. 4515 airfoil (reference 10) and 
it,:,v<as assumed that the properties of this airfoil were a 

'sufficisntly close approximation for use in these calcu- 
latlons. 1 , , . . 

.,Th,e reference line for t.he OS-,1 airfoil is tangent 
to'.t,h,e,bott.am camber while the reference line for the 
N.A.C.A. 4515 airfoil is laid out from leading edge to 
trailing.e,dga. The difference between these rcf-erence 
lines is about 2.8' so that the equivalent angle of wing 
setting for the N.A.C.A. 4515 airfoil is 2.5' I- 2.8' = 5.3'. 

-- 

At a maximum air speed of 201.5 f.p.s. (137.4 m.p.h.), 
thrust hp. = total b.hp. X q = 4 X 600 X 0.775 = 1860 hp. 

. 

and drag = thrust = -thrust ----- hi, X 550 m 1860 X 550.= 5080 I 
v 201.5 ,. 

lb. 
aax 

. 

From this;. CD = --?-- 5080 
= ----My- [201.-T = 0.001189 X 1740 X . . ', 

,. : I _ :. ..>' .- . . 
--..- = 0 .()6(j. j&a 5080 -. . 34000 CL = --&.- = ---- .= 6.405. . 
84000 84000 '7 84000 . . 

sow c!.(iing) = CD f (3 CL3 
.O Dt = 'Db + iYE..' 

(114)2 7*47 b. Aspect ratio = ----.= 
1740 

I 

From Figbe ,46 of reference 10, for CL = 0.405, CD, .=. 
0.11. 

CD, (wing) = = 0.018 . 

cDP (including hull) = CD - CD (wing) = 0,060 - 0.018.= 

0.042. 
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c 

But in the tank tests of the model the air drag of 
the hull is included in the resistance, so it must be de- 
ducted from this GDP. The cross-sectional area of the 

,-model converted to full size is 70 square feet. Assuming 
'CD (mddel hull) = 0.19*, T 

_... 

cD (model hull) based on wing area = Q.2' 7o = 0.008 
_ ~ 1740 - 

cDP (excluding model hull) = 0.042 - 0.008 = 0.034 -. - .- . 
l The gro&id effect-on the wing is equrv.alent.-t=o a- 

change in aspect,ratio.. It can be shown that,. 
cl- 1 - - -. z z-z 

nominal aspect Effective aspect ratio = ----- 1 ratio 
- 5 - 7 --_ . 

where (3 :is an interfe:rsnce coefficient from reference 11. 

To determine B the water clearance Z is found to 
be about 17 feet. 

22 
-iT= 

2 x 17 
li4. T ."*2g8 -_ _ -_ _- ~ 

awl also Fi; = -b&t2 = 1 for a monoplane. Then from fig- 
ure.76'of refer-ence 11, CT = 0.39. 

,- * . 
. 'i. 

- 
.I 

7.47 Effectfve aspect ratio = i--; o,39,=.l,2.'2;' ' . ; 
. . . . i 

. ' _ I-,..- -- _. _= i .ic= _ x 
In the following table.values of...gCI, and CD; taken 

from figure 46 of reference 10 are used'in computing val- 
u8s' of CD and CL for the complete' flying boat (exclud- _ 
ing.the hull) for-an aspect ratio of 12.12. 

L-- 
-<he valies of 

c,D a.d. cz thus obtained are plotted ag&$nst Cc in fig- 
ure 17. . 

e-L--- ------1--_-L---- -- 

*This value is taken from prelfninary data of sfnd-tunnel 
tests now befng made with models of this and other hulls. 
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a09 Cti, * 

---.- 
deg 

---.-- 
0 -4.0 

.2 -2.0 
: 4 . 0 
.6 2.0 
..a '4.2 

1.q 6.5 
,1.2 8x8 
1.4 11.3 
1.6 15.0 
-- -=--- +d-------- -A---- 
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. 

t 

deg. 
..- -.--. I- 

O 
.3 
i6 
.9 

1.2 
1.5 :: 
1.8. 

,* 2.J. 
2.4. 

I 

(Cat) 
ai + OGo, 

deg. 

-4.0 
-1.7 

.6 
'2.9 
5.4 
8.0 

io :6 
13.4 
17.4 

CD0 

,-d------e 

. 0.012. 
.Oll 
.Oll 
,012 
.014 
,016 
.020 
,027 
,055 

.*q = IL-‘, x!.. 
-KAR 'l-r 

-I- 

-i. 

--------_ 

% 
cL2/flA~ 

----- 

CD 

--------. 

cDO * CD1 + 

cDP ---,.,-ww..a-' 
0 0.046 

.OOl ,046 

.004 .049 

.009 .055 

.017 "065 

.026 .076 

.038 .092 
,051 l 115 
.067 .156 

------ ------- 

Take-Off Time &d Bun 

. I 

. 

, 

The time and length of run required for take-off are 
now computed as in reference 2, using the curves of thrust 
(fig, IS), CL and CD (fig. 17) previously computed. 
Total resistance (R + D,) is @lotte~,~it~n~peV~~ru~t 
curve in figure 16. The values-Lof a= 

f [T - (R + PII) are plotted in figure 18. The area un- 

der the l/b curve gives the take-off=time and the area 
under the 9/a curve gives the length of take-off run. 
Time and ruD are d0tSrmined for llnormall' take-off (i.e., 
holdfng the craft at best trim an le until it takes off) 
and for a -pLll-off.at 110 f.p.s* f the get-away speed given 
by the manufacturers). 

The results are as follows: 

EsLr.%Eu m2~Bd 
f.p.s* 

123.8 (normal) 

110 (pull-off) . 

Take-off time -w----e 
.sec* ,- 

46 

38 

LBggthoPrun 
ft. 

3,500 

2,600 

. 
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. 

The computed take-off time for lip f.p.s. get-away 
speed agrees remarkably well with the average take-off 
time of the actual craft given by the Sikorsky Aviation 
Corporatfon as 40 seconds. Althoughsthe manufacturers 
supplied no data regarding the length of take-off run; they 
stated that the computed results agreed very well with the 
results obtained from flight tests. 

CONCLUDING REMARKS 
. 

. Although the agreement of the results obtained is en- 
couraging, the need for a full-size-d check on model results. 
has not been filled. Compensating errors in the assump- 
tions made could easfly account for a close agreement even 
when individual items are seriously in error. ' 

It is believed that there exists a real need for 
t.ests, on a full-sized.seaplane, in which suffic2e.nt data. _.. .- 
to afford a more accurate comparison w07da be obtained. 
Accurate data on the aerodynamic characteristics of the 
flying boat and a record of the trim angles obtained dur- 
ing the tests are essential to a strict comparison between 
the model tests and full-siz.ed tests. 

Langley Memorlal Aeronautical Laboratory, . 
National Advisory Committee for Aeronautics, 

Langley neia, Va., October 30, 1934. 
. . . . , . " 

. _ - .- 
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station 

F.h. 
. 112 

1 
2 
3 
4 
5 
7 
9 

11 
13 
15 
17 
19 
21 
23 
25 
27,B 
27,h 
29 
31 
33 
35 
37 
39 

z 

22:: 

22 

I 
48 

Sterqost 
A.P. 

t 

n6 tence 
from 
F.F. 

0 
1.33 
3.12 
4.83 
6.55 
8.62 

10.69 
14.83 
18.97 
22.88 
26.76 
30.42 
33.65 
37.2E 
40.71 
44.03 
47.22 
50.42 
50.42 
54.78 
58.89 
c3.00 
67.21 
71.49 
75.78 
77.92 
80.06 
a.21 
82.21 
87.06 
91.92 
96.78 

--- 
0 
4.25 
7.63 
9.13 

10.10 
10.89 
11.41 
12.05 
12.44 
12.70 
12.87 
12.95 
12.99 
13.00 
13.00 
13.00 
13.00 
13.m 
12.43 
11.93 
11.46 
10.97 
10.50 
10.00 
9.51 
9.30 

"9-E . 

k2 

f% .I 

-- 

4.25 
4.83 
5.34 
5.82 
6.35 
6.82 
7.64 
8.29 
6.77 
9.14 
9.39 
9.58 
9.70 
9.79 
5.68 
9.?8 

10.07 
8.99 
8.40 
7.96 
7.56 
7.22 
6.94 
6.72 
6.G7 
6.71 

:-2"; . 

Ez 
4:34 

99.42 4.12 4.08 

. . 

ThbLE I. OXEXETS IB ITCHES FOR ViIDEL26 a; 
- 

Distance from base line 

Keel :hine 

, 

!agency 
bottom 
flare 

4.25 
5.25 
6.08 
6.79 
7.49 
8.07 
8.94 
9.60 

10.08 
10.45 
10.68 
10.81 
lO.YO 
lo.98 
11.04 
11.09 
11.14 

' 

,. 

Radiue 
center 

5.65 
7.37 
9.09 

11.05 
l.2.71 
15.59 
17.64 
19.86 
21.74 
23.17 
24.03 
24.79 
25.46 
26.08 
26.27 
26.39 

- 
I 

Chine 

0.18 
1.46 
2.60 
3.62 
4.69 
5.59 
6.95 
7.91 
8.45 
8.74 
8.88 
8.93 
8.93 
8.93 
a.93 
8.93 
8.93 
8.93 
8.92 
a.85 
8.53 
8.29 
7.79 
7.10 
6.G9 

56% 

4.50 
3.03 
1.29 

29 

-I- 

Half-breadths 

Cangsncy 
bottom 
flare 

Radius 
center 

0.18 
1.16 
1.96 
2.61 
3.23 
3.71 
4.37 
4.G9 
4.79 
4.79 
4.79 
4.79 
4.79 
4.79 
4.79 
4.79 
4.79 

2.13 
4.18 
5.76 
7.21 
8.11 
9.32 
9.79 

10.36 
10.75 
10.96 
11.01 
11.09 
11.16 
11.16 
11.07 
10.93 

" 
I I 

; : I 
1, 

Deck 

0.18 
1.08 
2.21 
3.18 
4.04 
4.98 
5.77 
7.04 
7.92 
8.45 
8.74 
8.88 
8.93 
8.93 
8.93 
a.93 
8.93 
8.93 
8.93 
8.92 
8.85 
8.63 
8.29 
7.79 
7.10 
6.69 
6.23 
5.75 

4.50 

"% 
-29 

RadiU.8 
bottom 
flare 

1.06 
2.37 
3.90 
5.33 
6.40 
8.28 
9.54 

11.26 
12.76 
13.93 
14.58 
15.25 
15.82 
16.34 
16.43 
x.44 

, 
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TABLE II 

Teet Data for N.A.C.A. Yodel No. 26 Flying-Boat Hull 

Klnematlo viscosity = O.OOOG14 ft.2/e.eo. 
Water deneltyt63.5 lb./ou.ft. Water temperature=52o F. 

Note: Positive moments tend to ralee the bow 
7 

Trim angle, T = 2’ Trim angle, -I- = 3’ 

Speed 
f.P.6 TZ2P 

lb.-k 
Dzft 

step. 
in. 

20 11.7 
12.5 
14.3 
15.5 

20.8 

6.8 
1% 
12:4 

40 

60 4.6 
2:; 

10.1 

120 
75:: 1::1" i.3 3 

Trim angle, Te 3' 

5 20.7 

6.g 
g*? 

%:2 
13.6 
16.6 
26.0 
R:Z 

10 6.7 
g-z 10. 

'152 . 
6.6 

3 
xl.7 

100 

120 7.0 
1'65:g' 
20.1 

Trim angle, t= 5O 
20 
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TABLE II (Co&hued) 

Test Data ror N.A.C.A. Model No. 26 Flying-Boat Hull 

Klnematio vlsoosity= 0.000014 rts2/8e0. 
Water deneltyz63.5 lb./ou.ft. Water temperature=52' F. 

Note8 Positive moments tend to raise the bon 

. 

15 

Trim angle, I- t 5' 

Lgd, Speed, Resl;$noe, T;ee;g Draft Load, Speed, Resistance, Trimming Draft 
. r.p.6. . 

lb.-f?2 at lb. f.P.6. lb. moment, at 
step, lb.-it. step. 
In. In. 

5 80 2-E 
10:1 

23 
11.5 

11.2 11.1 
10 12.4 11.4 

1124.07 
16:0 
16.7 
% 16.2 

~~~~ . 

5% 
15.8 

20 

40 

100 4.2 
10.8 

10.2 13.9 
11.2 t: gz 

1'3 :z 2.2 . 
zrz 23.0 3% 6+ 5:; 

120 2.29 4.6 >10:0 12.7 2; 25 
12.4 3 3 

Trim angle, 7= 7O 

60 



. 
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. 

TABLE II (Continued) 
Test Data for N.A.C.A. Model No. 26 Flying-Boat Hull 

Klnematlo vlsooslty - 0.000014 ft.2/seo. 
Vater denelty=63.5 lb./ou.ft. Water temperature=~O F. 

Note: Positive moments tend to raise the bow 
. 

r T 1 Trim angle, 7~ 7" , -I-= go Trlm angle 
Load Speed Xesletan 
lb. f.p.e lb. 

Loal 
lb 

fp;ez . . 
leslstano~ 

lb. %ft 
step, 
in. 

Trimmln( 
moment 
lb.-ft< 

Draft 
at 
step, 
in. 

20 -16 
-11 $z 

20:s 
22.7 
25.7 

22.4 
25.1 

40 
,4 
8 

-10 
-2 

0 

6.5 
;:; 
8.0 
E3 

10.5 
60 

80 

100 

--- 
120 

60 9’:; 
11.5 

$2 
20:o 
22.4 
25.0 

1% 
12:4 
14.4 
15.7 
2 h 
16:F 
16.4. 
10.2 
12.6 
15.3 
17.7 
20.' 
2o.Fi 
20.7 
22:*5 . 
12.c 
1132 . 

4.7 
2.2 

. 
3:: 
2.; 
2:5 
1.9 

5:: 
2 
4:; 
4.3 
3.g 
2:: 
2.1 

5:s 
. 

;:g 
Z:% 
15.7 
z*: 
22:2 
25.1 

Z 
11.7 

21.9 
25.1 

97’2 
11:6 

3.7 
Ef 

11.1 
14.0 

:gB 

$:fj 
1415 
128 

;:a 
Z 2 
17.2 
19.9 
20.9 

loo 

120 

Trim angle, -r = ll" 

21.6 
22.0 
22.1 
22.8 
22.9 

16.6 
18.6 
2 z 
25.6 

loo 

6.0 

3 
: ;+ z ::B 12 
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t, Tangency of bottom flare Half -breadth 
Centflr of moments 

Figure l.- Lines of 
N.A.C.A. Model 26 

50.42" 

8 

Speed, f .p. s. 
Figure 2. - Resistance and trimming moment, 7 = 29 Model 26. 

I I I I 

bA 060 
!ln 20 

16 

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 
Speed, f.p.s. 

Figure 3. - Resistance and trimming moment, -r = 3". Model 26. 
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II I I I I I I I I I I I I I I I 
I I I I I I I I I I I I II III III 

16 

I 

I I t I I I I I II t t I t I 
f Figure’ 4. -Resi.starke and trimming 

!L,.,.....l mment, 7=5”. Model 26. 
Speea,‘f.b.s.I I I I I I I I I I I 

--- 
-40 ’ ’ (’ ’ I ’ ’ j+ -- /801 1 1 

0 4 8 12 16 2 

20 

16 

1 
20 24 -28 1 32 36 40 1 44 48 52 56 

t t I t I I II I” ’ ” 

L’ -L 

FJgu,re, 5,-Resistance and tr’immihg 
moment, -r=7O. Model 26. 

Speed, ‘f .b.b. 
I I , I I , 

I I 1 I I 1 I 
16 20 24 2$ 32 36 40.44 48 52 56 
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. 

28+ 80L 0 4 
Speed, f .p.s. 

8 12 

Figure 6.-Resistance and trimming 

16 20 24 

moment, 7 = 9”. Model 26. 

, 

Speed, f .p.s. 

I I 

Figure 7.-Resistance and trimming 

I 

4 8 

moment, T= 11: Model 26. 

12 16 20 24 

60 

z I 40 
k 

_ 20 

I displacement, lb. I 

-600 1 2 3 4 5 6 
Trim angle, degrees Di$placement, lb. 

6 
. 

c5 .rl 
N 

. . 

Figure B.-Righting moments at rest. Figure S.-Drafts at rest. 
Model 26. Mod&l 26. 
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117-t I.1 
m line for use In 

II I I I -I lfirst aDuroximation. 

I I I I I I I I I I I I I f I I I I II I 
1 1 2 3 4 2 3 4 5 5 6 6 7 7 8 8 3 3 10 11 10 11 

c, = vm 
Figure LO. - Variation of best trim angle, 70 L with C, _ Model 26. 

.lO 

-08 

I I I I I I I I I I I I t Ill1 

d-745 r=y ,” *w .20 I 
/ .35/fi;15 f.10 

I I I/Y/A I 

-02 
I , 1 -1 I I I I,, t III,,, 

I m--m I Ill I I I I I I I I I I II 
0 1 2 3 4 5 7 8 3 10 11 

% 
Figure 11. - Variation of CR with C, at best trim angles.Model26. 

I I I 1.50tq/r\k , -.40 ) ) 1 ) ) ) ) ) ) ) ) ) 1 ) 
YI-I\ I I I I I I I I 1. I I. I I-l IA 

-, 

I - 
i 
1.30j-y$yy- 1601 ( ( ( I I I I I 1-3 .a n I= C v cl cl ,A -l-l 

Figure 13. - Variation of $ with C, at best trim angles. Model 26 



* . . . 

10 
1 I /.4 I 

. 2.6 4’1 
Id 2.8 I 
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0 12 3 4 5 I3 7 0 12 3 

cA=&t+ 
5 0 7 8 

CA=AMP 

Figure 12. - Variation of CR with CA at best trim angles. Model 26 
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19.A.C.A. l?ecbnical. Rote I?o. !5l2 

6.6 f.p.8. , 7 = 3* , A= 120 lb. 12.0. f.p.e. , 7370 ,A=6om 

15.5 f.p.s. , 1-0 70 , A= loo lb. 16.8 f.p.s. , T= 9' w A = 100 lb. 

24.3 f.p.8. , ?-= 50 , A= 80 lb. m.5f.p.s. ,7+3’,A==lb. 

IHgme 14. -. 8prw photographs of &A.C.A. model 26 
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Figure 15.- Eff ect of CA on A/R at beat trim 
angles. Model 26. 
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1ooCO 

d 
-, 8000 
t; 
2 6000 
G 4 
2 4000 
d 
P 
f 2000 
a 

0 20 40 60 80 IOCI 120 140 160 
Speed, f .p.s. 

Figure 16.-Variation of RtD and thrust with 
speed. Sikorsky S -40. 

-16 .8 

z 
.I2 b.6 

CD ii 
.08 *--4 

\ II 
.04 .2 

0 4 8 12 16 20 24 28 ’ ‘0 
Angle of attack, degrees, LY 

Figure 17. - Coefficients for Sikorsky S-40 flying 
boat, Hull excluded. Effective aspect 

ratio including ground effect - 12.2 

. . 

Speed, f.p.s. ;;; 
Figure 18.- Curves for determining take-off z 

time and run. Sikorsky S-40. 
ii 


